We present a study of the overdensity of X-ray selected Active Galactic Nuclei (AGN) in 33 galaxy clusters in the XMM-LSS field (The XMM-Newton Large Scale Structure Survey), up to redhift z = 1.05, further divided into a lower (z < 0.35) and a higher redshift (0.43 < z < 1.05) subsample. Previous studies have shown that the presence of X-ray selected AGN in rich galaxy clusters is suppressed, since their number is significantly lower than what is expected from the high galaxy overdensities in the area. In the current study we investigate the occurrence of X-ray selected AGN in low (< L x >= 2.7×10 43 erg/s) and moderate (< L x >= 2.4×10 44 erg/s) X-ray luminosity galaxy clusters in an attempt to trace back the relation between high density environments and nuclear activity. Due to the wide contiguous XMM-LSS survey area we are able to extend the study to the cluster outskirts. We therefore determine the projected overdensity of X-ray point-like sources around each cluster out to 6r 500 radius, within δr 500 = 1 annulus, with respect to the field expectations based on the X-ray source log N − log S of the XMM-LSS field. In order to provide robust statistical results we also use a stacking analysis of the cluster projected overdensities, separately for the two z ranges. We investigate whether the observed Xray overdensities are to be expected due to the obvious enhancement of galaxy numbers in the cluster environment by estimating also the corresponding optical galaxy overdensities, and we assess the possible enhancement or suppression of AGN activity in clusters. We find a positive X-ray projected overdensity, in both redshift ranges at the first radial bin, which is however of the same amplitude as that of optical galaxies. Therefore, no suppression (or enhancement) of X-ray AGN activity with respect to the field is found, in sharp contrast to previous results based on rich galaxy clusters, implying that the mechanisms responsible for the suppression are not so effective in lower density environments. After a drop to roughly the background level between 2 and 3r 500 , the X-ray overdensity exhibits a rise at larger radii, significantly larger than the corresponding optical overdensity. The radial distance of this overdensity "bump" (corresponding to ∼ 1.5 − 3 Mpc) depends on the richness of the clusters, as well as the overall X-ray overdensity profile. Finally, using redshift information (photometric or spectroscopic) of all optical counterparts, we derive the spatial overdensity profile of the clusters. We find that the agreement between X-ray and optical overdensities in the first radial bin is also suggested in the 3-dimensional analysis. However, we argue that the X-ray overdensity "bump" at larger radial distance is probably a result of flux boosting by gravitational lensing of background QSOs. For high redshift clusters an enhancement of X-ray AGN activity in their outskirts is still possible. We argue that a spatial analysis is crucial in order to disentangle irrelevant phenomena affecting the projected analysis, but we are still not able to report statistically significant results on the spatial overdensity of AGN in clusters or their outskirts due to lack of the necessary numbers.
Introduction
Being one of the most powerful extragalactic phenomena, Active Galactic Nuclei (AGN) are a valuable tool in the study of the universe, since they can be used as cosmological probes, provide answers to various problems of galaxy evolution and shed light within the innermost regions of galaxies, where the super massive black hole resides and highly energetic processes take place. However, the triggering mechanism of the omnipresent but not always active black hole is still elusive. Major merging of gas rich galaxies seems to be an undisputed way nowadays for the triggering of nuclear activity (e.g. Sanders et al. 1988; Barnes & Hernquist 1991; ), but minor merging and interactions are still greatly disputed. Secular evolution seems also capable of feeding the central engine since many AGN are found isolated and undisturbed (e.g. . Therefore, the effect of the environment on the activity of the nucleus and vice versa is still rather undetermined, but nevertheless crucial. Galaxy clusters represent the one end of the density spectrum in our universe, and as such it is an ideal place to investigate the effects of dense environment in the triggering of AGN, especially since an excessive number of X-ray point-like sources is undoubtedly found there (e.g. Cappi et al. 2001 , Molnar et al. 2002 , Johnson et al. 2003 , D'Elia et al. 2004 , Gilmour et al. 2009 ). Specifically, for the XMM-LSS field investigated in the current study, Melnyk et al. (2013) have found that 60% of X-ray selected AGN reside in the overdense regions of group-like environment.
Theoretically the feeding of the black hole can only be achieved by means of a non-axisymmetric perturbation that induces mass inflow. This kind of perturbations can be provided by interactions and merging between two galaxies, and the result of the inflow is the feeding of the black hole and activation of the AGN phase (e.g. Umemura 1998; Kawakatu et al. 2006; Koulouridis et al. 2006a , 2006b , Ellison et al. 2011 Silverman et al. 2011; Villforth et al. 2012; Hopkins & Quataert 2011) . Thus, the cluster environment, where the concentration of galaxies is very high relative to the field, would seem also favorable to AGN. However, the rather extreme conditions within the gravitational potential of a galaxy cluster can work in the opposite direction as well. Ram pressure from the Inter Cluster Medium (henceforth ICM) able to strip/evaporate the cold gas reservoir of galaxies (Gunn & Gott 1972; Cowie & Songaila 1977; Giovanelli et al. 1985) can affect greatly the feeding of the AGN. Nevertheless, other studies have argued that ram pressure stripping can not be so effective in the transformation of blue sequence galaxies to red (e.g. Larson et al. 1980; Balogh et al. 2000 Balogh et al. , 2002 Bekki et al. 2002; van den Bosch et al. 2008; Wetzel et al. 2012) , especially in lower density clusters where other processes should take place as well. Large velocity dispersion of galaxies within clusters could also prevent the effective interactions (Aarseth & Fall 1980) , particularly mergers, while the fast "grazing" bypassing galaxies may also cause gas stripping by "harassment" (e.g. Natarajan et al. 2002 , Cypriano et al. 2006 . However, once more the efficacy of this phenomenon has been questioned (e.g. Giovanardi et al. 1983) . A combination of the above mechanisms, in addition to the possible prevention of accretion of halo mass into cluster galaxies ("strangulation"; e.g. Larson et al. 1980; Bekki et al. 2002; Tanaka et al. 2004 ) may in fact suppress the AGN activity in clusters despite the number of potentially merging and interactive galaxies.
Using only optical data, the results seem to remain inconclusive. Early studies reported that AGN are less frequent in galaxy clusters than in the field (Osterbrock 1960; Gisler 1978; Dressler, Thompson & Schectman 1985) and recent large area surveys support the suggestion (Kauffmann et al. 2004; Popesso & Biviano 2006; von der Linden et al. 2010; Pimbblet et al. 2013) . Other studies however, found no differences between clusters and field (e.g. Miller et al. 2003) , at least when selecting the weak AGN (e.g. Martini et al. 2002; Best et al. 2005; Martini et al. 2006; Haggard et al. 2010) . We should note here, that considering only the optical wavelengths is not the optimal way of finding AGN since they suffer greatly from absorption. Especially if gas depletion is at play and low accretion rates are expected, then most of the spectral signatures of the AGN could be "buried" in the host galaxy.
Radio loud-AGN on the other hand, seem to be more clustered than any other type of galaxy (Hart, Stocke & Hallman 2009) and are often associated with BCGs (Brightest Cluster Galaxy)(e.g. Best 2004; Best et al. 2007 ). In addition, the fraction of X-ray AGN in BCGs is higher when compared to other cluster galaxies (e.g. Hlavacek-Larrondo et al. 2013 , and references therein). These findings can be attributed to hot gas accretion from the hot X-ray cluster halo, although gas from any other source fueling the black hole at low accretion rates would also have the same effect. If the hot gas accretion is a possible fueling mechanism for the X-ray AGN as well, then we should expect them to reside preferentially within clusters.
Undoubtedly, the best way to detect active galaxies is through X-ray observations (e.g. Brandt & Alexander 2010) . However, during the previous decade, only a small fraction of X-ray point-like sources in clusters had positive confirmation as true cluster members (see Martini et al. 2002; Davis et al. 2003; Finoguenov et al. 2004; Arnold et al. 2009 ), leaving the question of whether the positive X-ray overdensities found in galaxy clusters represent enhancement or suppression of the nuclear activity unanswered. More recent studies however reported more conclusive results by comparing X-ray to optical data; Koulouridis & Plionis (2010) demonstrated the significant suppression of Xray selected AGN in 16 rich Abell clusters (Abell et al. 1958) by comparing the X-ray point source overdensity to the optical galaxy overdensity. 2014) argued that the Xray AGN fraction in the central regions of 42 of the most massive clusters known to-date is ∼3 times lower than the field value using the same technique. More importantly, Haines et al. (2012) , having complete spectroscopy for their X-ray point source sample argued that X-ray AGN found in massive clusters are an infalling population, which is "extinguished" later, and confirmed the suppression in rich clusters. On the other hand, Martini et al. (2013) argued that this trend is not confirmed for a sample of high redshift clusters (1.0 < z < 1.5), where the presence of luminous X-ray AGN (L x > 10 43 erg/s) is consistent with the field. This is in agreement with findings from the DEEP2 Redshift Survey 1 which show that only below z=1.3 the fraction of blue galaxies in groups drops rapidly and becomes constant below z=1 (Gerke et al. 2007) , while above z=1.3 the red fraction correlates weakly with overdensity (Cooper et al. 2007) . In the present study we only deal with clusters z <1.05, where the cluster's population is dominated by early type red galaxies. Finally, we should also mention that an indirect way to address the issue is by X-ray clustering analyses, but still their results remain inconclusive as well (see relevant discussion in Haines et al. 2012 §5.2). Considering the above, there is still the need to clarify the influence of the environment on the AGN phenomenon. And while the majority of the above studies are dealing with the most massive and rich clusters, the population of moderate to poor clusters is still overlooked. However, if the reason for the deficiency of X-ray AGN in rich clusters is the strong gravitational potential, which provides the necessary conditions for the suppression (whichever these may be; gas stripping, strangulation, tidal stripping, evaporation, high velocity dispersion, etc), one would expect the AGN presence to rise in shallower gravitational potentials. We should note however, that studies on the star formation quenching in cluster galaxies, found no differences between poor and rich clusters (Balogh et al. 2002; Wetzel et al. 2012) . Another issue is the radial extent of the search for X-ray AGN around clusters; An enhancement of AGN activity is observed far from the cluster's center (e.g. Fassbender et al. 2012) and it could be due to an infalling population (Haines et al. 2012 ) coming from the "outskirts" of the clusters where the concentration of galaxies is still high. The question is where should we place the "outskirts" and to what extent. Most studies could not reach further than 2r 500 radius, although the overdensity profile of optical galaxies remains higher than the field level even beyond that radius (e.g. . Finally, what is also overlooked is the background overdensity of X-ray sources in the area of clusters. In Koulouridis et al. (2010) using SDSS (Sloan Digital Sky Survey) optical data for all the detected X-ray point-like sources within 1 Mpc radius, we argued that their positive overdensity values were associated with background QSOs rather than cluster members. A possible cause is the gravitational lensing of background sources, which is unimportant when compared to the large number of optical galaxies in clusters but can become very important for X-ray sources and affect the assessment of their clustering.
In the current study our aim is to investigate the AGN phenomenon in the environment of moderate and poor clusters located in the XMM-LSS contiguous field of 11.1 deg 2 . We will identify all possible X-ray AGN candidates (which we define as sources with L x > 10 42 erg/s at the redshift of the cluster) and compare their overdensity in the area of the clusters to the respective overdensity of optical galaxies, available by the CFHT legacy survey. Such a large contiguous area is giving us the unique opportunity not only to use a large cluster sample but also to extend our search for X-ray AGNs around clusters at great distances, reaching homogeneously up to a 6r 500 radius. In addition, we will make use of photometric redshift data calculated specifically for X-ray selected AGN hosts, in an attempt to assess the true number of X-ray AGNs in our clusters and clarify the effect of the excessive overdensity of background X-ray sources (eg., Koulouridis & Plionis 2010) .
We describe our samples and methodology in §2, while our results and conclusions are presented in §3 and §4, respectively. Throughout this paper we use H 0 = 72 km/s/Mpc. flux limit (at 50% detection probability). The great majority of the X-ray sources is point-like (N = 5570), which are mainly AGN (the expected stellar contamination is near 3%). More details about the catalog's sensitivity, the effective area curve and the log N − log S can be found in Elyiv et al. (2012) and in the multiwavelength catalog description paper by Chiappetti et al. (2013) .
Sample selection & Methodology

The cluster sample
The clusters of galaxies used in this study were selected so as to meet the following conditions:
1. They belong to the list of unambiguously confirmed C1 clusters of the XMM-LSS field (Adami et al. 2011; Pacaud et al. 2006; Pierre et al. 2006) . 2 The data are available in the Milan DB in the 2XLSSd and 2XLSSOPTd tables. See Chiappetti et al. (2013) for details. 2. They are not located near the edges of the XMM-LSS field, to ensure the complete detection of all point-like sources within the radii of interest. 3. They belong to the redshift range z < 1.05. The upper limit is set at a reasonable redshift above which the lower X-ray source luminosity that corresponds to the lower flux limit is becoming very high (the lower flux limit is set at a certain value; see next paragraph).
For all clusters, that meet the above criteria, we list in Tables 1  and 2 (from Clerc et al. 2014, in prep.) : the temperatures and Xray luminosities (giving an estimate of their richness and of the depth of the gravitational potential of the cluster) and the r 500 radius calculated by fitting a beta model to the extended emission. The positions of all the clusters and their corresponding 4r 500 (5r 500 for the high-z sample) radius are overplotted on the XMM-LSS X-ray map in Fig. 2 . We limit our analysis to sources above a flux limit of 3 × 10 −15 erg s −1 cm −2 , since at lower fluxes, sources were scarcely detected in the XMM-LSS survey and thus the resulting log N − log S bears large uncertainties in this flux regime.
In order to have homogeneous samples in X-ray luminosity, as well as to study possible evolutionary effects, we divided the 33 clusters into two subsamples, a lower and higher redshift sample. The low-z sample (z < 0.35) consists of 19 clusters with average X-ray luminosity < L x >= 2.7 × 10 43 erg/s and average temperature < T >= 2.0 keV, while the high-z sample (0.43 < z < 1.05) of 14 clusters with average X-ray luminosity < L x >= 2.4 × 10 44 erg/s and average temperature < T >= 3.1 keV. Based on the X-ray luminosity and temperature of our clusters we have no rich clusters in our samples (Alshino et al. 2010) , with the exception of xlssc 6, while the low-z sample consists mostly of poor systems and the high-z mostly of intermediate systems. We will impose a limiting X-ray luminosity of 10 42 erg/s for our X-ray sources, in order to securely select X-ray AGN. Therefore, the corresponding X-ray flux limit is such that for the low-z sample the corresponding rest-frame L x limit is always lower than 10 42 erg/s, which means that we are complete in X-ray luminosity. However, for the high-z sample this is not the case. Especially for clusters above z ∼ 0.95 the X-ray luminosity Table 2 ).
X-ray source overdensity
The X-ray AGN overdensity, in a given area, is estimated according to:
where N x is the number of X-ray point-like sources detected in the area and N exp is the expected number according to the log N − log S within the same area. To calculate the value of N x , we identify all point-like sources located within five (six for the high-z clusters) radial annuli between n and (n + 1)r 500 , where n =0,1,2,..5. We consider only the sources with X-ray fluxes f x > f lim , where f lim is the specific value of the flux for which the AGN X-ray luminosity at the distance of any cluster is L x = 10 42 erg/s. The large contiguous area of the XMM-LSS survey allows us to expand our search for X-ray AGN activity at large radii from the cluster cores and gives us the opportunity to explore possible evolutionary trends of nuclear activity as galaxies enter the cluster's gravitational potential from their outskirts.
Because of the cluster's diffuse X-ray emission, in most cases we may not be able to sufficiently resolve the central region and could possibly fail to detect X-ray AGN in that area. Thus, we choose to exclude from each cluster a fraction of the first r 500 annulus to avoid introducing a possible bias in our results. However, the area that has to be excluded depends on the strength of the extended emission as well as on the imposed lower flux limit of the X-ray sources we wish to detect and therefore it varies from cluster to cluster. In Koulouridis et al. (2010) we excluded the regions with r < r core , where r core was found by fitting a β model to the extended X-ray emission. For the current analysis we inspected all clusters visually and we chose to exclude the inner 0.5×r 500 homogeneously from all clusters. We found that the extracted area eliminates the problem of diffuse Xray emission in all clusters and further allows us to do a meaningful comparison and stacking of the first annuli of different clusters.
To calculate the expected number N exp of X-ray sources in the field, considering each time the same area of the detector and the same characteristics of the actual observation, we followed the procedure described below:
1. From the log N − log S of the XMM-LSS survey (see §2.3 for a brief discussion or Elyiv et al. 2012 for a more detailed analysis) we derive the total number (N f ) of expected sources in the area per flux bin. 2. We consider 1000 × N f sources with random fluxes within the flux range of each bin and random position within the area of interest. 3. We derive the probability P i that the source N f i is actually detected in the specific area of the detector. 4. We calculate the sum:
N f i × P i /1000, which gives us the total number, N exp , of expected X-ray sources that have fluxes above the respective value of the n th bin of the log N − log S .
To validate the above procedure we have randomly picked 10 clusters with 200000 random sources, and we attempted to reproduce the log N −log S by using the area curve of the XMM-LSS field. To this end, we binned the sources in the same flux bins and then divided the number of sources in each bin with the fraction of the XMM-LSS area where we could actually detect them. We indeed recover the input log N − log S with great accuracy as we can see in Fig. 3 .
Optical galaxy overdensity
For the calculation of the optical overdensity, within each XMM-LSS cluster, we use the i-band magnitude CFHTLS data (a crucial characteristic for our high redshift clusters), which is complete up to i ∼ 24.
As for the X-ray overdensity, the relevant expression is:
where N o is the number of optical sources found in the area and N o,exp the expected background number within the same area. For the calculation of the galaxy density, within the regions previously defined for the X-ray analysis, we include only those sources with i-band magnitude that satisfy the criterion
is the apparent i-band magnitude that corresponds to the break of the luminosity function at the redshift of each cluster. We should note that we have also conducted the same analysis using m * i − 0.5 < m i < m * i + 0.5, but the results are exactly the same. For the calculation of m * we used the K-correction values derived specifically for the CFHT i-band magnitudes by Ramos et al. (2011) for elliptical galaxies, since most of the cluster's galaxies are expected to be ellipticals. The background galaxy density is calculated from a 2 deg 2 field within the XMM-LSS area.
We should note here that the comparison of the optical galaxy overdensity to the X-ray AGN overdensity should not be considered absolute but rather instructive. Although by using the L x > 10 42 erg/s criterion, all X-ray sources at the cluster rest-frame are potential AGN and on the other hand, by using the m * i − 1 < m i < m * i + 1 criterion we choose the bright cluster galaxies which could potentially host the AGN, there is no way of knowing if we are probing exactly the same population of galaxies.
However, the method that we are using in the present study and which has been used in various others (e.g. Martini et al. 2013; Ehlert et al. 2014 ) over the last years with small variations, can give us valuable information about the presence of AGN in clusters. Finally, as an extra step, we will also use the available photometric and spectroscopic redshift data, in an attempt to constrain better the true overdensities of X-ray AGN, since there is evidence that their overdensities, within a ∼1 Mpc radius around rich clusters, may be affected by gravitational lensing (Koulouridis et al. 2010) .
The use of the CFHTLS survey has two caveats related to our current study; it has "holes" with no available data, as the result of star masking, and more importantly it does not cover the whole XMM-LSS field. The former may cause the underestimation of some cluster's optical overdensities and therefore we proceeded with corrections when necessary and we have verified that, overall, the "holes" do not affect our statistical results based on stacking. On the other hand, the region outside the CFHT Legacy Survey is instead covered by the CFHT ABC supplementary pointings. However, the available photometric bands in these fields are less than in the CFHTLS (1-3 instead of 5 bands) resulting in less reliable photometric redshifts of the X-ray point source counterparts. More importantly there is no i band, which is essential for our projected analysis, and no photometric redshifts of the optical galaxies, which are necessary for our spatial analysis. Thus, when the ABC fields are included in our analysis, the results are given separately and are treated with caution.
Weighting and stacking
In order to have more robust results, we will also stack at rest frame the respective annuli of all clusters (high-z and low-z always separately). However, stacking the X-ray sources found in different pointings of the XMM-LSS field is possible only if we eliminate the systematic differences in the exposure time, background and off-axis distance from the center of each pointing. To this end, we multiply the sources found within a certain annulus in a cluster by a weight w i (where i is the number of the annulus) that attempts to eliminate the above differences. In the case of the low-z sample, this weight is:
where N f is the number of sources in the annulus calculated directly from the logN−logS before applying the corrective factors of steps 2-4 of §2.2 and thus it does not include any information about the exposure time, background and off-axis distance. On the other hand N exp is the number of expected sources in the same area that does include these corrections for the respective annulus (see §2.2). Consequently, we calculate the total overdensity in the area of interest by:
where N is the number of clusters and N x the number of actual sources found within the imposed luminosity limit in a certain annulus of each cluster. The above procedure corrects the number of observed sources to the number that we would have found in any certain annulus within the XMM-LSS field if not for the differences in exposure time, background and off-axis distance.
For the stacking analysis of the high-z sample clusters we need to add an extra correction, which is due to the fact that the lower flux limit, independently of the redshift, is now fixed to the survey's lower limit of 3×10 −15 erg/s −1 cm −2 (see §2.1). This flux corresponds to a different limiting L x,lim in each high-z cluster. Thus, as we go to larger redshift, the flux limit remains the same but the effective area under investigation for a given r 500 radius is getting smaller resulting in a progressively smaller number of expected or actually detected sources. To minimize this effect we choose a random cluster, we set it as reference and we normalize the area of every sample cluster to the respective one of the reference cluster. The above normalization excludes the intrinsic r 500 area differences, i.e. corrects only for the redshift difference of the clusters). In that way we are adding all sources found above the constant lower flux limit, within the respective r 500 annuli of any cluster. Consequently, as we have already mentioned, the stacking for the high-z clusters is conducted between a range of different luminosity X-ray AGN (∼ 1.7 × 10 42 − 1.4 × 10 43 erg/s), although this range is not that wide. In addition, although a direct comparison between the low and high redshift clusters is not possible in the current study, pointing out differences and similarities can be useful. Finally, we calculate the Poissonian error on the weighted number n of events, given by the formula:
Note that the number of optical galaxies, in each annulus, does not have to be corrected before stacking, since optical data in the CFHTLS do not suffer from any obvious incompleteness or any other selection effect up to i ≃ 24, which is adequate for the present study (we only have to exclude one cluster from the optical analysis).
Spatial overdensity analysis using redshifts and visual inspection of counterparts
To interpret our results and attempt to understand the physical mechanisms behind the observed X-ray overdensities, we would ideally like to be able to place the candidate X-ray AGN in the cluster or its outskirts. Spectroscopy however is only available for ∼ 20% of our X-ray point-like sources (Table 1) and thus we investigate the rest of the objects based on photometric redshifts and visual inspection. The calculation of the photometric redshifts is described shortly in this section and in more detail in Melnyk et al. (2013) . For each X-ray source we take into account only one best rank optical CFHTLS counterpart (rank=0 or 1, see Chiappetti et al. 2013 for details). So we only considered 4555 point-like X-ray sources (∼ 72% completeness), 4450 of which have spectroscopic or photometric redshifts with z > 0 (non-stars). The list of redshifts for all XMM-LSS sources can be found in Table  2 of Melnyk et al. (2013) . For the photo-z determination the LePhare 3 public code (Arnouts et al. 1999 , Ilbert et al. 2006 ) was used. The accuracy 4 of the photometric redshift calculation is σ ∆z/(1+z sp ) =0.076 with 22.6% being outliers for the case of counterparts having at least 4 photometric bands.
Any X-ray counterpart to be considered as cluster member should have its spectroscopic redshift within ±2000km/s of the cluster redshift z cl , or photometric redshift z ph within σ(1 + z cl ), where σ=0.065 to 0.076 depending on the available photometry bands that where used for the calculation and the redshift probability distribution (Melnyk et al. 2013) .
For the CFHT optical galaxies we used the photometric redshifts of the CFHTLS-T0007 W1 field (Ilbert et al. 2006 and Coupon et al. 2009 ) computed for 3-5 optical bands. The accuracy is 0.031 at i < 21.5 and reaches σ ∆z/(1+z sp ) ∼ 0.066 at 22.5 < i < 23.5. The fraction of outliers increases from ∼ 2% at i < 21.5 to ∼10 -16% at 22.5 < i < 23.5. More details about the photometric redshift calculation can be found in the explanatory document 5 . Having all the above data available we can produce again the stacked overdensities, but this time in three dimensional space. For the calculation of the expected field objects for both X-ray sources and optical galaxies we use again the same criteria and the same catalogs in a ∼2 deg 2 field. This is very important, especially for the X-ray counterpart's photometric catalog that is not complete, so that the overdensity measurements would not be affected.
Finally, using the SDSS 6 and CFHT databases, we visually inspected all the counterparts of the X-ray point-like sources within 4r 500 (or 5r 500 for the high-z sample) of every cluster. Our aim was to combine the available redshifts and images, to provide a more reliable list of cluster members and background/foreground objects (by investigating the morphology of cluster members and assess the probability of sources with no redshift of being also cluster members). Visual inspection is the only tool we have for the fraction of our sources that do not have photometric redshifts, either because there was no counterpart found or because the available photometric bands were less than four. However, by comparing them to the rest of the population we get hints about their redshift and their candidacy as cluster members. In fact, most of these appear to be blue pointlike sources, very similar to the spectroscopically confirmed background sources. The rest are either very faint or with no counterpart and it seems that they are even less likely to be correlated with the clusters (see also relative discussion in Ehlert et al. 2014 ). All our results can be found in Table 1 and 2.
Results
X-ray point source overdensity
Using the methodology of §2.2 we calculate the X-ray point source overdensities of all our sample clusters in annuli up to 5r 500 (6r 500 for the high-z sample) where we expect to have reached the field density. However, the number of sources found in each cluster is small, especially in the first annulus, which not only is the smallest one, but also includes the extracted core (25% of its area). To address this issue and derive more robust results we have stacked all clusters of each subsample (high-z and low-z separately), calculating for each annulus the total overdensity as described in §2.5. Nevertheless, in what follows we also present the results of all clusters individually, while we list all data in Table 1 and Table 2 .
In Fig. 4 we present the stacking results of the low-z clusters (left panel) and of the high-z clusters (right panel). We can see that for the low-z (high-z) clusters, in the first (and second) annulus, the X-ray overdensity (triangles) is high and it drops steeply in the second (third) annulus. However, this behavior is reversed in the next annuli, where the overdensity rises again until it drops and converges to the background zero level in the fifth (sixth) annulus. The X-ray point source excess in the first annulus of both the low and the high redshift samples is to be expected, since as we have already mentioned, it is reported in numerous previous studies (e.g. Cappi et al. 2001 , Molnar et al. 2002 , Johnson et al. 2003 , D'Elia et al. 2004 , Gilmour et al. 2009 , Melnyk et al. 2013 . The extension of the excess in the second annulus for the high-z sample could be due to intrinsic differences of the two sets of clusters or due to evolutionary effects in the dynamics of the clusters.
In addition, the overdensity "bump" at larger radii is statistically significant and is present in both our cluster samples that are completely independent. The fact that the rise is not appearing at the same scale for both samples of clusters could be again due to the above mentioned differences of the two.
This excess has been reported in previous studies (Ruderman & Ebeling 2005; Fassbender et al. 2012 ) and has been attributed to an infalling population of galaxies in the outskirts of the clusters that interacts and merges producing an overdensity of X-ray AGN in the area. In addition Haines et al. (2012) by comparing infalling versus virialized populations concluded the same. Although the analysis of Ehlert et al. (2014) stops at 2.5r 500 , the start off the "bump" is already apparent after 2r 500 , but lacking further data, the authors do not comment on that assuming that the cluster X-ray source density converges to the expected field value at distances of ∼2r 500 . In contrary, Gilmour et al. (2009) , argue that any X-ray point source overdensity found at large radii is due to additional clusters in or near the field of view, which may also contain AGN and probably also contributes to the enhancement of background AGN. This surplus is confirmed for our low redshift clusters at a smaller radial distance compared to previous works, i.e. for the current study approximately between 1 and 2 Mpc while for rich clusters between 2 and 3 Mpc. Nevertheless, our high-z clusters are more comparable to rich clusters since their excess is found after 1.5 Mpc. The above comparison to other studies should be considered with caution because the exact comparison is not possible due to the different methods used for the stacking, i.e. stacking the same radii in arcmin, Mpc or r 500 . Having said that, the results appear to be expected considering that in physical scales the outskirts of poor and moderate clusters should be closer to the center of each cluster. This difference is already present even between our two samples that consist of clusters with different "richness" (see Tables  1 &2) .
X-ray point source versus optical galaxy overdensity 3.2.1. Stacking analysis
As a next step it would be essential to compare the already found X-ray point source overdensities to the optical galaxy overdensities. Following the methodology presented in §2.4 we calculate the stacked overdensity of optical galaxies for the clusters that fall within the CFHTLS area (11 of the low-z and 8 of the high-z sample; ∼ 60% of each). We do not expect that the optical galaxy overdensity profile would vary if we had added the missing clusters to its calculation. Nevertheless, to verify that the comparison between X-ray and optical overdensity is not affected, we have also limited our X-ray analysis to only the clusters covered by the CFHTLS and reached the same conclusions. Therefore, in Fig. 4 we overplot the optical profile to the Xray overdensity data. For the low-z sample (left panel of Fig. 4 ) the X-ray overdensity profile is consistent with the corresponding optical one in the first two annuli. Especially in the first one even a small X-ray excess can be seen, but it is within the 1σ errors and thus not statistically significant. Similar results are also found for the high-z sample (right panel of Fig. 4) , where the Xray overdensity exhibits a more prominent excess in the second bin and comes in agreement with the optical galaxy overdensity in the third. Overall, we conclude that within the first bins the Xray overdensity is as expected by the respective optical galaxy results. This is in contradiction to the X-ray AGN suppression that many previous studies on rich clusters have reported (e.g. Koulouridis & Plionis 2010; Haines et al. 2012 ). Nevertheless, we should note once more that the current samples consist of intermediate to low luminosity clusters in which the triggering and feeding of the AGN may be more favorable with respect to richer clusters. In addition, the BCGs, which in many cases host an AGN, are excluded (since the central region is excluded). The extra X-ray AGN would increase dramatically the X-ray overdensity, but we argue that the BCG's path of evolution is very different from the other cluster galaxies and for the purposes of the current analysis should be excluded.
Following the steep drop a rise of the X-ray overdensity occurs again in the next two bins, but does not appear in the optical data. Then, they both converge to the background level in the respective last annulus of our analysis (although there is still a small X-ray overdensity present in the high-z sample). Thus, this distant X-ray overdensity "bump", that was discovered in the previous section of the current study, is presenting statistically significant differences when compared also to the optical galaxy overdensity for both our samples. Consequently, we argue that the abundance of X-ray sources in large clustercentric radii around rich clusters is replicated in poor and intermediate clusters, although in rather smaller physical distances.
Individual cluster analysis
Having completed the stacked analysis, we would also like to investigate the behavior of individual clusters, to clarify if the discrepancies between optical galaxy and X-ray point source overdensities emanate from the behavior of all the clusters in the samples or just a subsample.
In Fig. 5 we plot the X-ray vs the optical overdensity for the low-z sample up to the second annulus (left panel) and from the third up to the fourth (right panel) for each cluster separately. We selected only those bins in which a positive X-ray overdensity is found, excluding the last annulus where it drops to zero. Judging by the r 500 values (Table 1) we can estimate that the 2r 500 radius corresponds to ∼1 Mpc radial distance. Therefore, for poor clusters, Fig. 5 is analogous to Fig. 1 of Koulouridis & Plionis (2010) for rich Abell clusters. We see that for the first two bins more than half of our sample clusters are located close to the dashed line that denotes equality between optical and Xray overdensities, while the rest are in the one or the other side canceling out any discrepancy. However, in the next two bins all, except two, clusters move above the line (even marginally) and that is the reason for the discovered X-ray overdensity "bump".
We also plot in Fig. 6 the individual cluster overdensities for the high-z sample. To trace the same trends and compare with Fig. 5 , we add the first three annuli in the left panel and the next two in the right. Qualitatively the results are similar with what we found in Fig. 5 . The X-ray "bump" discovered again in larger Fig. 7 . XMM-Newton image of galaxy clusters xlssc 10 (z=0.33) and xlssc 3 (z=0.84). The large circles mark the 4r 500 radius of xlssc 10 and the 5r 500 radius of xlssc 3, while the small ones point towards the detected X-ray point-like sources within the fourth annulus of the low redshift cluster. More than half of the sources seem to be concentrated in the conjunction of the outer annuli of the two clusters. distances from the cluster center seems to be produced by a rise in the X-ray point source density in almost all the clusters.
The above results do not agree with the analysis of Gilmour (2009) , where the excess overdensity was attributed solely to additional X-ray AGN and/or lensing due to foreground or background clusters in or near a small fraction of their sample clusters, although the extra lensing seems to be true for some of our low redshift clusters that happen to have a background cluster projected within their area. In Fig. 7 we present an example of such a case where xlssc 10 is the foreground cluster at redshift z=0.33 and xlssc 3 the background one at redshift z=0.84. In the fourth bin of xlssc10 ∼7 sources are expected but 14 are found, out of which 7-8 are found in the conjunction of the outer bins of both clusters. On the other hand, most of our clusters exhibit high X-ray source overdensities without any other cluster visible on their background. we will probably need to conduct the same study to the full XXL survey in order to clarify this issue.
Spatial overdensity analysis
Having discovered that the X-ray sources exhibit excessive values of overdensity, not only in the first annuli, where they are consistent with the optical galaxy excess, but also at larger distances where they are significantly higher, it is of great importance to determine if this excess is real, i.e. if it can be attributed to cluster members. To this end, we use the available spectroscopic and photometric redshifts and the methodology of §2.6. We should note that we are forced to use larger bin-separation in order to have more meaningful results because the number of clusters that have available photometric redshifts is still small. For the low redshift clusters we merge the first two bins in one and the next three bins as well, resulting in a total of 2 bins, while for the high redshift clusters we use three bins in total.
In Fig. 8 we present the results of the spatial analysis for the low-z and high-z cluster samples (left and right panels, respectively). We also plot the results when including the ABC region (open triangles), where the photometric redshifts of the X-ray sources are calculated with fewer bands. We can see that for the X-ray sources the uncertainties are still very large, despite the merging of the annuli. For the low-z sample, the first bin (the first two annuli in the projected analysis) the X-ray and optical overdensities seem to be again in agreement as they were in the projected overdensity analysis, while we can observe that the excess in the second bin (third and fourth annuli in the projected analysis) has disappeared. Overall, the number of X-ray selected AGN found within the three cluster bins is exactly the same as that found in the field. This sharp contrast with our previous projected overdensity results is probably due to lensing of background sources that can affect the projected overdensity analysis but not the spatial one.
Our high-z sample exhibits a different behavior. The total overdensity of X-ray selected AGN in the area of clusters is higher than what is expected, but up to 4r 500 is practically zero (although with large uncertainty) and rises in the last merged bin. In addition, in this last bin, the difference with the optical galaxy overdensity is significant since the AGN found are more than double the expected. Adding the ABC fields only brings the X-ray overdensity closer to the optical in the first merged bin but does not change the results of the other two.
Overall, the trend of X-ray AGN deficiency in rich galaxy clusters cannot be confirmed for the low-z clusters, while for the intermediate ones (of the high-z sample) a suppression is possible in the bins closer to the center, but the results are dubious because of small number statistics. Nevertheless, the number of X-ray counterparts that are confirmed in the outer annuli of the high-z sample seems to corroborate previous results that report an excess of X-ray AGN in the outskirts of clusters. This is only true for the more "rich" clusters probably because these are more massive structures, still accreting galaxies that are gathering in the outer parts of the clusters and are effectively interacting before entering the potential of the cluster and the hot ICM.
Considering the fact that redshifts are not available for a large number of X-ray sources, we proceed with the visual inspection of all the counterparts of the cluster member candidates of the projected overdensity analysis up to the 4th bin (5th bin) for the low-z (high-z) sample. Our aim is to investigate the morphology of the optical counterparts of the confirmed X-ray AGN cluster members and compare them to the ones that lack any redshift information. We should mention however that in many cases no counterpart is detected or the determination of the correct counterpart is dubious.
In Table 1 (columns (12) − (20)) we present our results for the low-z sample, reporting in the first four columns the number of sources that, based on their redshift, are background or forground sources and in the following four columns those that are true cluster members. The numbers in parenthesis are the galaxies with available spectroscopic redshift and are a subsample of the preceding number of sources which represents the total number of objects in the bin, e.g. 9(4) in column (14) means that from the total 9 sources that are found in the third bin and have redshifts showing that they are not cluster members, 4 are spectroscopic and 5 photometric. Also, if the first number is in brackets then the cluster is located in the ABC supplementary pointings that are located outside the CFHTLS area and the majority of the photometric redshifts of the counterparts there are of poor quality. These clusters are also marked with an x sign in column (21) and are not included in our optical analysis, but the The high-z cluster sample. Uncertainties are poisson 1σ errors for small numbers (Gehrels 1986 ).
data were included for informative reasons. In column (20) we report the sources which lack any redshift information, even in the SDSS database (mostly categorized as stars). Adding up all nine rows we come up with the total number of X-ray sources in all the cluster's annuli, reported in column (11). From the total of 288 sources in the low-z clusters, 27% have spectroscopy, that rises to 32% if we exclude the ABC fields. On the other hand, objects with no redshift information are the 25% of the total, but that percentage drops to 12% when excluding the ABC fields. The majority of the non-redshift X-ray sources are blue point-like objects. These counterparts are abundant in our sample and when redshift is available they can securely be classified as background QSOs. We have no reason to believe that these sources belong to any of our clusters. Apart from those, a large fraction of non-redshift objects do not have any counterpart. Finally, only a small number of objects look like faint normal galaxies that may or may not be cluster members, while the reported redshift of a few others seems improbable. (in Tables 1  & 2 we included or excluded such objects accordingly). Judging from the results of objects with available redshift, we argue that the probability of sources with no available redshift to be cluster members is very small, especially for the clusters that fall in the CFHTLS region. Thus, we argue that not considering them in the spatial analysis of our samples does not alter our results.
We conducted the same analysis for our high redshift clusters and we found that from the total of 252 sources 16% have spectroscopy, that rises to 26% if we exclude the ABC fields. On the other hand, objects with no redshift information are the 19% of the total in both cases. SDSS images of the optical counterparts of the 16 X-ray AGN located within the first r 500 annulus of the 19 low redshift (z < 0.35) clusters can be found in Fig.  9 . Only xlssc 25(1) is a confirmed cluster member, while most of the rest counterparts are blue point-like background objects.
Also, some examples of CFHT i-band images of spectroscopically or photometrically confirmed cluster members can be seen in Fig. 10 . Their extended morphology is a furher evidence of them not being projected background QSOs.
Conclusions
We conducted a statistical study of 33 poor and moderate richness clusters, within the XMM-LSS field that covers ∼20% of the XXL survey, studying the density of X-ray sources within multiples of the r 500 radius versus the expected field density, calculated from the log N − log S for the same area. We compared the above projected overdensities with the respective optical galaxy overdensities in an attempt to estimate the suppression or the enhancement of the density of X-ray AGN. In addition, we calculated the spatial overdensities, using the available spectroscopic and photometric redshifts in an attempt to identify and quantify the true cluster members and explain the results of our previous projected analysis.
The conclusions that can be drawn from the above analysis are the following:
• The projected analysis of X-ray versus optical overdensity within the two central r 500 annuli, corresponding to ∼ 1 Mpc radius, results in a strong positive signal showing that the environment of the low and moderate X-ray luminosity clusters of our samples does not suppress the X-ray AGN activity. This result is in sharp contrast with the outcome of many studies on rich clusters (e.g. Koulouridis & Plionis 2010; Haines et al. 2012) , which implies that lower richness cluster environments do not suppress X-ray AGN activity. Interestingly, in even lower density environments (galaxy groups), an enhancement of X-ray AGN may be present (Melnyk et al. 2013) . • Calculating the projected overdensities at large radial distances from the center of the cluster (3 rd − 5 th bin, corresponding to ∼ 1.5-3 Mpc, depending on the redshift), a significant rise of the X-ray source overdensity is observed. This excess has been also reported in previous studies (Haines et al.2012 , Fassbender et al. 2012 ) and has been attributed to an infalling population of galaxies from the outskirts of the clusters that interacts and merges, producing the observed overdensity of X-ray AGN. This surplus is confirmed for both our low and high redshift clusters.
• Using spectroscopic and photometric redshifts we discover that the X-ray "bump" at large radial distance vanishes completely from the poor low-z sample and therefore, we argue that this density excess may be produced by flux boosting of background sources due to gravitational lensing, sometimes even enhanced by additional background galaxy clusters along the same line of sight. On the other hand, a high X-ray source overdensity persists in the last annulus of the moderate X-ray luminosity high-z sample, implying that for intermediate "richness" clusters, additional triggering of X-ray AGN in the outskirts is still possible.
In a nutshell, the projected overdensity analysis produces statistically significant results but at the same time these results are contaminated by projection effects of background lensed QSOs. On the other hand, although the spatial analysis performed is free from these effects, it is not able to reach definite results due to the small numbers involved, making necessary the study of larger samples of galaxy clusters. Especially the area included in the annuli closer to the cluster center is so small that is not allowing us to reach any safe conclusions about the suppression or not of X-ray AGN. The stacking of clusters proves very useful, but splitting the total sample in two redshift subsamples again reduces greatly the numbers. However, the division is crucial since in larger redshifts not only we select a population of more X-ray luminous clusters but also we can detect only higher luminosity X-ray AGN.
We should stress that the large contiguous area of the XMM-LSS has allowed us to study, for the first time, the overdensity of X-ray AGN within large radial distances from the cluster center. This proved to be essential in order to explore in detail the connection between the dense environment of clusters and the X-ray AGN activity, for which we need to trace its evolution as a galaxy approaches the cluster's gravitational potential, enters the hot ICM and crosses the cluster, while at the same time disentangle irrelevant effects like the gravitational lensing of background sources, probably enhanced by the presence of additional clusters along the line of sight. A photometric variability study of these sources may also shed some light as to whether the lensing amplification could be due to micro-lensing and/or convergence by matter in the clusters.
We believe that the analysis of the full XXL field, that is almost five time larger than the XMM-LSS reaching 50deg 2 , together with a detailed spectroscopic follow-up of the optical counterparts of all X-ray point sources, detected in the XXL clusters, may provide reliable and robust results as to the origin (true enchancement, lensing, presence of background clusters, etc) of the excess X-ray sources detected in the outer ∼ 3 − 5r 500 annuli. Notes.
(1) original name in the XMM-LSS database, (2), redshift, (3) cluster's temperature in kev, (4) cluster's luminosity in erg s −1 , (5) r 500 in Mpc (6) point-source's lower luminosity limit in erg s −1 , (7) X-ray point source overdensity up to 3r 500 , (8) optical galaxy overdensity up to 3r 500 , (9) X-ray point source overdensity from 3 to 5r 500 , (10) optical galaxy overdensity from 3 to 5r 500 , (11) total number of X-ray sources up to 5r 500 , (12)-(16) number of projected X-ray sources in annuli 1 to 5 respectively, the parentheses denote the spectroscopically confirmed sources (the rest are photometrically confirmed), (16)-(20) as for (12)-(16) but for true cluster members, (22) sources with no redshift, (23) when marked the clusters are located in the CFHT ABC fields (see Fig. 1 ), where redshifts were calculated using only 4-6 photometry bands. Numbers in brackets denote photometric sources in the ABC fields.
